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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a method for manufacturing 
pattern plates having alignment patterns (marks). In 
particular , the invention relates to a method for forming pattern 
plates of large sizes, which are usually used in reticle masks 
and shadow masks that are projected onto wafers and master mask 
boards for producing patterns . And also , this invention relates 
to pattern plates formed in accordance with the present method. 
[0002] 

[Related Arts] 

ICs and LSIs have nowadays been increasingly highly 
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integrated. Four-megabit DRAMs have already been put into 
commercial production, and 16 -megabit DRAMs and 6 4 -megabit DRAMs 
have recently been taking the place of the 4 -megabit ones . Under 
this circumstance, circuit elements mounted on wafers are 
required to be further miniaturized, and such 
miniaturization-adapted pattern forming by a lithography 
technology for forming the circuit elements on the wafers is 
also expected to be developed. 
[0003] 

Pattern forming on wafers is usually carried out in the 
following three ways . A primary way employs an electron beam 
(EB) device or a focusing ion beam (FIB) device, in which way 
an electronic beam or an ion beam forms patterns directly on 
wafers. In this case, since a pattern-formed position is 
controlled in accordance with a pattern on the wafer, the 
patterning accuracy thus depends only on the position detecting 
capability and on the position controlling capability. Such 
capabilities, however, have several issues to be solved. Since 
the patterns are formed one by one, thereby requiring much time, 
this way of patterning is not suitable in commercial production. 
A secondary way uses a mask on which two or more patterns of 
the same size as that of a so-called mask pattern, or a pattern 
of each chip to be formed on the wafer, are printed. Such a 
type of mask is used in pattern transferring onto wafer boards . 
Although this secondary way is good for commercial production 
due to exposure performed in a corrective manner, because of 
a 1 : 1 transfer performed, an alignment accuracy with the on- wafer 
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patterns directly affects a pattern-matching accuracy. 
Moreover, distortion of a master mask directly influences the 
accuracy. A third way uses a so-called reticle mask, which is 
a mask having a pattern 5 to 10 times the size of a pattern on 
the wafer (hereinafter called "on-wafer pattern") or on the 
master mask. This is projected and exposed onto a wafer board, 
with its scale being cut down . Because of such projection carried 
out in a scale -down manner, an error in the alignment (overlay) 
accuracy between the on-wafer pattern and the reticle mask 
pattern is also reduced, and thus providing the improved accuracy. 
Moreover, due to the exposure carried out in a corrective manner, 
the third way appears to be superior, if used in commercial 
production, to the EB- or FIB-employed ways. 
[0004] 

As described above, however, with demands for an increased 
degree of integration of ICs and LSIs, it is also required that 
on-wafer patterns are more miniaturized, and an improved overlay 
accuracy (alignment accuracy) between the on-wafer pattern and 
the pattern actually formed are also called for. 
[0005] 

In such circumstances, even the above third way of patter 
forming, or the scale- down projection/exposure method, which 
is advantageous in the overlay accuracy with the on-wafer pattern, 
is expected to be further improved in the overlay accuracy (at 
present: 0.04 to 0.02 im) . For example, as to 16 -megabit DRAMs, 
the overlay accuracy must be 0.02 to 0.01 im or lower. More 
precisely, as more than 10 sheets of reticle masks are usually 
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used in production of a single LSI , all the inter-pattern overlay 
accuracies must be maintained 0.02 to 0.01 im or lower between 
all the adjacent patterns projected in a scale-down manner 
through each of the reticle masks . 
[0006] 

Further, the upsizing of color televisions and displays 
in these years , has brought about upsizing requirements of shadow 
masks and liquid crystal panels used in such devices . With this , 
the upsizing of pattern plates for the shadow masks or liquid 
crystal panels has been required, and at the same time, the 
miniaturization ( fining ) is also required . The use of an optical 
exposure device increases the number of times of aperture 
exposure performed, in which a desired pattern is obtained by 
the combination of aperture -adapted patterns , thereby extending 
the whole exposure period; it could sometimes take all day long. 
Still further, as to the use of an electron exposure device, 
if a raster- type device, which carries out raster scanning and 
blanking in combination, is used, it takes a huge amount of time 
to perform pattern forming, because of the area- dependency . 
Otherwise if a vector- type device, which carries out vector 
scanning on the formed beams, is used, it also takes a long time 
to complete the exposure, like in case of using the optical 
exposure device, because of its aperture-adapted scanning. 
[0007] 

In the meantime, if the above reticle patterns are formed 
using an electron exposure device or an optical exposure device, 
reference marks are provided on a stage onto which a mask board 
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is fixed or on a mask holder, in order to secure the placement 
accuracy of the patterns to be formed and to reduce pattern 
distortion. It has already been known that positional errors 
at pattern forming are corrected referring to those reference 
marks . 
[0008] 

[ Issues to be Solved by the Invention] With the above-mentioned 
miniaturization of the patterns and the increased time period 
for pattern forming caused by the miniaturization, there often 
appears a problem of the reduced accuracy of pattern forming 
because of the following reasons: (1) variations in board 
temperature ; ( 2 ) electric variations ; ( 3 ) mechanical 
variations; and(4) variations in the position control system, 
even in electron exposure devices and optical exposure devices, 
which is managed and controlled in so a severe manner. In 
particular, in case of the pattern plates , such as reticle masks , 
which are equipped with alignment patterns , the position of a 
main pattern is controlled by using the alignment patterns on 
the assumption that the alignment patterns are in a precise 
positional relationship with a main pattern (device pattern) . 
Thus , the positional relationship between the alignment patterns 
and the main pattern must be kept accurate, and which relationship 
depends on the above four t(l) through (4)] variations. The 
above four [(1) through (4)] variations yield like influences 
in case of pattern plates for shadow masks and liquid crystal 
panels . 
[0009] 
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The four variations are often unidirectional. (1) is 
considered to be caused by the difference between the temperature 
of the board itself and the environmental temperature of the 
stage; ( 2 ) is due to electrical drift ; ( 3 ) results from a cassette 
for holding the board to be exposed, gradually moving off while 
the stage moves in X- and Y-directions ; and (4) is considered 
to be caused by the air pressure and the temperature variations 
in the surroundings of an interferometer. Generally speaking, 
most of (1) and parts of ( 2 ) through (4) depend on the pattern 
forming size on the board, and thus are proportional to the size 
of the main pattern . Most of ( 2 ) through ( 4 ) is thought to depend 
on the pattern forming time period. In other words, there are 
two types of positional deviation (error) : one is proportional 
to the pattern forming size and is in accordance with the pattern 
size; and the other is proportional to the pattern forming time 
period. In particular, the error caused by (3) is regarded as 
an important issue. If this error is significant, the relative 
positional relationship between the alignment patterns and the 
main pattern becomes poor, and the main pattern is distorted. 
At that time, the positional error according to the pattern size 
is said to be relatively small. 
[0010] 

In view of these issues , the object of the present invention 
is to provide a method for forming pattern plates having alignment 
patterns such that the alignment patterns and a main pattern 
are in an accurate positional relationship, with less main 
pattern distortion . 
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[0011] 

[Means to Solve the Issues ] In order to attain the above object , 
the present invention provides a method for forming a pattern 
plate having alignment patterns. The method is for forming a 
pattern plate , such as a reticle pattern and a shadowmask pattern , 
that has a main pattern and alignment patterns, comprising the 
steps of : forming the alignment patterns for an ultimate product , 
in advance, on a board; producing a photosensitive layer on the 
board; reading the positions of the alignment patterns; and 
forming the main pattern while controlling the relative position 
of a pattern forming beam with respect to the positions of the 
alignment patterns . 

[0012] At that time, using an optical exposure device, the 
positions of the alignment patterns can be read with another 
light beam than the main pattern- forming light beam . In precise , 
an i-ray photoresist is used as the photosensitive layer; an 
i-ray light beam, as the main pattern-forming light beam; and 
a YAG laser beam, as a light beam for reading alignment pattern 
positions . 

[0013] Further, using an electron exposure device, the reading 
of the positions of the alignment patterns and the forming of 
the main patterns can be carried out with the same electron beam, 
while the power of the electron beam is lowered at reading the 
alignment pattern positions . 

[ 0014 ] In this instance , the present invention includes pattern 
plates having the alignment patterns formed by the 
above-described method. 
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[0015] 

[Effects] According to the present invention, the alignment 
patterns for an ultimate product is formed in advance on the 
board; a photosensitive layer is produced on the board; the 
positions of the alignment patterns are read; and the main pattern 
is then formed while the relative position of the pattern forming 
beam is controlled with respect to the alignment pattern 
positions . Resulting from these features , the reduction in the 
pattern forming accuracy caused by mechanical variations, such 
as deviation of a cassette for holding the board , can be completely 
prevented, and the main pattern can thus be formed in an accurate 
relative positional relationship with the alignment patterns. 
And also, the main pattern can be formed with no considerable 
distortion. Moreover, the alignment patterns that are used as 
the positional reference marks for the main pattern, can also 
be used for obtaining a good alignment with an on-wafer pattern, 
thereby extremely improving the transfer accuracy of the main 
pattern. 
[0016] 

[Embodiments] A method for forming a pattern plate having 
alignment patterns according to the present invention will now 
be described in detail below with reference made to relevant 
accompanying drawings. In this example, the present method is 
applied to a reticle mask. As shown in the plan view of FIG. 
1, a reticle mask to be manufactured has a main pattern B, which 
is a device pattern, on a board 1, and alignment patterns Al , 
A2, A3, are disposed in the surrounding area of the main pattern 
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B , at the centers of its x-direction length and of its Y-direction 
length* In the beginning, the alignment patterns Al, A2 , A3, 
are formed on the board 1 at its exact positions in an arbitrary 
method, as shown in FIG. 2. Since such alignment patterns Al , 
A2 , A3 will also be used as the alignment patterns of the reticle 
mask ultimately manufactured, they must be exactly placed at 
the predetermined relative positions. 

[0017] Next, as shown in FIG. 3, after a photoresist 2 is produced 
all over the board 1 , the board 1 is set to an electron exposure 
device or an optical exposure device to form the main pattern 
B. At that time, the alignment patterns Al , A2, A3, are read 
using a pattern forming beam of the exposure apparatus or a pattern 
reading beam which is prepared independently from the pattern 
forming beam. While precisely controlling the relative 
positions of the pattern forming beam with respect to the 
positions of the alignment patterns Al , A2 , A3 , thus having been 
read, scanning is performed to form a latent image of the main 
pattern B in due order as shown in FIG. 4. Referring to the 
alignment patterns Al , A2, A3 having been previously formed, 
the main pattern B is formed, thereby eliminating the reduction 
in the pattern forming accuracy caused by the mechanical 
variations (3) due to the cassette for holding the board 1, or 
the like. The main pattern B can thus be formed in a precise 
relative positional relationship with the alignment patterns, 
and also with little distortion. Further, these alignment 
patterns Al, A2, A3, that are used as the positional reference 
marks for the main pattern B, will also be used for alignment 
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with the on-wafer pattern. Since 10 or more reticle masks are 
normally used, while aligning them one by one, in the 
manufacturing of a LSI , the present method is extremely effective . 
After the latent image of the main pattern B is formed, the 
photoresist 2 is developed, thereby producing the reticle mask 
of FIG. 1. 

[0018] In the meantime, when the exposure device reads the 
alignment patterns Al, A2 , A3, on the board 1, the photoresist 
2 produced thereover is exposed to the reading beam, and thereby 
the alignment patterns Al , A2 , A3 having been formed are destroyed . 
In order to prevent this , if the optical exposure device is used 
in pattern forming, a light beam of such a wavelength that the 
photoresist 2 is not exposed , separately from the pattern forming 
beam, should be used to read the positions of the alignment 
patterns Al, A2, A3. More precisely, an i-ray photoresist is 
used as the photoresist 2, and an i-ray beam emitted from an 
Ar laser is used in pattern forming and a YAG laser beam is used 
to read the positions of the alignment patterns Al , A2 , A3 . Still 
further, if the electron exposure device is used, the pattern 
forming electron beam is used also to read the alignment patterns 
Al, A2, A3. The beam current irradiation amount at reading is 
kept lower than the amount used at forming the main pattern B 
to control the remaining photoresist 2 film, and thereby the 
above-mentioned problems can be avoided. 

[0019] In the meantime, as to when to read the alignment pattern 
Al, A2, A3, during forming the main pattern B, the reading may 
be constantly performed during the pattern- forming period, and 
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based on the data thus read, the position of the pattern forming 
beam is controlled. The reading may alternatively be performed 
only during particular periods , such as sampled ones , of whole 
the pattern- forming period, and based on the data thus read, 
the position of the pattern forming beam is corrected. 
[0020] The above descriptions are made of a reticle mask used 
for semiconductor exposure , on which mask the alignment patterns 
are placed so as to surround the main pattern. The pattern 
forming method of the present invention should by no means be 
limited to this, and is applicable to shadow mask pattern plates 
with alignment patterns and also to electrode pattern plates 
for liquid crystal panels. 
[0021] 

[Effects of the Invention] The method f or forming pattern plates 
with alignment patterns according to the present invention and 
the patterns plates formed by the present method will provide 
the following effects. The alignment patterns for an ultimate 
product is formed in advance on the board; a photosensitive layer 
is produced on the board; the positions of the alignment patterns 
are read; and the main pattern is then formed while the relative 
position of the pattern forming beam is controlled with respect 
to the alignment pattern positions. Resulting from these 
features, the reduction in the pattern forming accuracy caused 
by mechanical variations, such as deviation of a cassette for 
holding the board, can be completely prevented, and the main 
pattern can thus be formed in an accurate relative positional 
relationship with the alignment patterns. And also, the main 
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pattern can be formed with no considerable distortion . Moreover, 
the alignment patterns that are used as the positional reference 
marks for the main pattern, can also be used for obtaining a 
good alignment with an on-wafer pattern, thereby extremely 
improving the transfer accuracy of the main pattern. 
[Brief Description of the Drawings] 

[ FIG . 1 ] A plan view of a reticle mask formed by using the pattern 
forming method of the present invention. 

[FIG. 2] A plan view of a board on which alignment patterns 
are formed. 

[ FIG . 3 ] A plan view of a board on which a photoresist is produced . 
[FIG. 4] A plan view in the middle of the forming of the main 
pattern. 



